Objective: To explore the possibility of using interleukin-17 (IL-17) production by CD41 T cells in the CSF as a potential biomarker for cerebral vasculitis in stroke patients.
patients with a cerebral ischemic event as a potential biomarker for cerebral vasculitis. Our primary research goal was to determine whether IL-17 could serve as a biomarker for cerebral vasculitis within an unselected sample of patients presenting with stroke-like symptoms.
METHODS Patients and diagnostic criteria. Blood and CSF were obtained from patients consecutively admitted to the University Medical Center Hamburg-Eppendorf with strokelike symptoms between 2013 and 2015 (table 1). These participants were divided into patients with a diagnosis of primary angiitis of the CNS (PACNS) according to the Calabrese diagnostic criteria 2 (n 5 6), secondary angiitis of the CNS (SACNS, n 5 3), giant cell vasculitis (GCV, n 5 3), and ischemic stroke where vasculitis was ruled out (n 5 15). Classification of the patients was done by senior clinicians (C. G., T.M.) blinded to the results of the laboratory test. Finally, 6 patients with noninflammatory neurologic disease from whom CSF was taken during diagnostic procedures were included in the study as controls (table 1) .
Patient consents. All procedures were approved by the local ethics committee and informed consent was obtained from all patients or their legal representatives.
Expansion of CSF cells. After centrifugation of the CSF, cells
were stimulated with 2.5 mg/mL phytohemagglutinin in RPMI1640 medium containing 10% human serum, antibiotics, and in the presence of irradiated (36 Gy) feeder cells.
IL-2 (equivalent to 20 U/mL) was added to the cultures every 3-4 days together with 50% fresh medium. After 2 weeks, cells were harvested and used directly for cytokine determination or restimulated for further expansion. In about 10% of the samples, expansion was not successful.
Flow cytometry. For intracellular cytokine detection, expanded CSF cells were stimulated with 250 ng/mL PMA and 1 mg/mL ionomycin. A total of 100 mL heparin-blood was stimulated in parallel with 5-fold concentrations of PMA and ionomycin. Cells and blood were cultured for 5 hours in serum-free medium (X-Vivo15) in the presence of 10 mg/mL Brefeldin A, as described. 5 Cells were subsequently harvested, permeabilized, and stained for lineage markers CD3, CD4, CD8, and TCRgd, and with anti-IFN-g and anti-IL-17. Dead cells were discriminated using LIVE/DEAD stain (Invitrogen, Carlsbad, CA). In approximately 10% of the patients, immunocytochemistry from the peripheral blood failed due to unsuccessful stimulation. Samples were analyzed in a LSR Fortessa (BD Biosciences, East Rutherford, NJ) flow cytometer and results were evaluated using FlowJo software.
Cytokine determination in serum and CSF. Multiplex determination of IL-17, IFN-g, IL-1b, IL-6, tumor necrosis factor-a, and IL-12/23 was performed using the highresolution Meso Scale Discovery (MSD) (Rockville, MD) platform.
Statistical analysis. The primary research question of this study was the determination of sensitivity and specificity of IL-17 as a biomarker for cerebral vasculitis within an unselected sample of patients presenting with stroke-like symptoms in order to provide Class II evidence for IL-17 as a biomarker for cerebral vasculitis.
For classification of the IL-17 values, a cutoff of 7% was used since it was located at the middle of an interval that separated normal and increased values of IL-17. The samples were analyzed retrospectively.
We used SPSS (Chicago, IL) version 22.0 for statistical calculations. Paired Student t test was used to compare peripheral blood and CSF data. To compare multiple groups, we used analysis of variance. Differences were considered significant if p # 0.05.
RESULTS
Considering the inflammatory nature of cerebral vasculitis, and in search of putative biomarkers, we performed a phenotypical characterization of peripheral immune cells in our cohort. We could not find any differences in the frequency of all immune cell subsets or in the expression of activation or maturation markers (not shown). To assess lymphocytes close to the target organ, we expanded cells from the CSF until enough cells were available for cell surface phenotyping and intracellular cytokine analysis, typically 2-4 weeks. After expansion, in all patient groups CD41 cells were the dominant population, while the rest were CD81 and Tgd lymphocytes. We observed a higher percentage of CD41 cells producing IL-17 exclusively in patients with cerebral vasculitis (figure 1). Interestingly, all samples with CSF cells analyzed of patients with PACNS and SACNS groups showed high levels of IL-17-producing CD41 cells (average 8.8%, range 7.3%-10.5%, for PACNS; average 10.4%, range 8.9%-11.9%, for SACNS). In both cases, comparison to the IL-17 production by CSF cells in stroke patients was highly significant (p , 0.001). The GCV patients showed rather low IL-17 production (1.2%, range 0.5%-2.1%), comparable to the other groups (2.5%, range 0.14%-5.4% in stroke patients; and 3.6%, range 1.9%-5.7% in the control group). With respect to the primary research question, we set a cutoff at 7% and considered stroke patients as reference cohort and the PACNS, SACNS, and GCV as case cohort (table 2). We found that an increased proportion of IL-17-producing CD41 cells in CSF accurately identifies patients with cerebral vasculitis with a sensitivity of 73% (95% CI 39%-94%) and a specificity of 100% (95% CI 74%-100%).
We also assessed soluble IL-17 in the CSF of our patients using the highly sensitive MSD platform. All values were under detection levels, except for one patient where CSF was taken shortly before he died of a fulminant vasculitis (PACNS5; data not shown). In this patient, cells were not available for analysis. In contrast to IL-17, IFN-g production by expanded CSF cells was very high, up to 90% of the cells, but similar in all groups (figure 1). We found no differences in cytokine production by peripheral CD4, CD8, or Tgd cells ( figure 1 and not shown) . In one case (patient SACNS1), we had enough CSF cells to directly analyze cytokine production ex vivo, without expansion. We found that CD41 cells also produced high amounts of IL-17 (8.2%) and IFN-g (51.3%) compared to peripheral blood cells (1.3% and 2.9%, respectively). Of note, we found that the percentages of cytokine-producing T cells in the CSF of the same patient after the 2-week expansion period (7.5% IL-17 and 56.4% IFN-g) were similar to the ex vivo cells ( figure 2 ). This suggests that our expansion protocol did not substantially alter the cytokine profile of the CSF cells.
DISCUSSION Even with modern imaging techniques and improved detection methods, the diagnosis of cerebral vasculitis remains uncertain. There is no information available on biomarkers associated with CV. Here, we report on intracellular IL-17 in expanded T cells from the CSF of patients with cerebral ischemia as potential diagnostic tool to help distinguish patients with cerebral vasculitis from patients with stroke due to other causes. 
Neurology: Neuroimmunology & Neuroinflammation
Cellular immunity plays a major role in the pathogenesis of systemic vasculitis. For example, a chronic CD4 T-cell activation can be found in peripheral blood from patients with AAV with the degree of CD41 T-cell activation correlating with the disease severity. 6 In patients with AAV, T cells are biased towards Th17 cells following in vitro stimulation and increased levels of Th17 cells can persist even during remission, 4, 7 which argues in favor of Th17 cells being present in all disease stages. In addition, serum IL-17A and IL-23 levels are elevated in acute disease stages of patients with AAV but also in a proportion of convalescent patients, while IFN-g production returns to control levels. 8 In agreement with these observations, we also found persistent Th17 cells in the CSF of patients who were in remission and in patients with normal CSF cell count (table 1), while we did not see a difference in the production of IFN-g in our expanded T-cell population compared to controls. Interestingly, in the 3 patients with a proven GCV, we did not detect an increased IL-17 in the expanded CSF cells. In untreated patients with GCV, Th17 cells can be found in the blood and are part of the cellular infiltrates in the arteries. 9 However, arteries from treated patients contain few Th17 cells, which is a clear difference from AAV. We would argue that the reason for the absence of IL-17-producing T cells in the CSF of patients with GCV can be explained by 2 possibilities: (1) GCV only affects large vessels, which do not come in contact with the CSF, or (2) Th17 cells already disappeared after the steroid treatment.
The presence of Th17 cells and the role of IL-17 can be generalized to other autoimmune diseases such as Churg-Strauss vasculitis, rheumatoid arthritis, and systemic lupus erythematosus, making it a target for novel therapeutic interventions. Humanized anti-IL-17 antibodies neutralizing the biologic activity of IL-17 induce clinically relevant responses in patients with psoriasis and rheumatoid arthritis. 10 Anti-IL-17 is now on trial for AAV and might constitute a future therapeutic option for cerebral vasculitis.
The levels of IL-17 in the CSF have proven too low for detection, even using a highly sensitive method. Detection of IL-17 produced by the cellular component is feasible, but due to the low number of T cells in the CSF, it is unavoidable to expand the cells before analysis, and this manipulation could bias the results. However, in 2 patients (one of them with a neurosarcoidosis, and therefore not included in the study), we were able to collect enough cells to stain IL-17 and IFN-g directly and after the expansion with similar results, arguing that our expansion protocol reflects the in vivo situation. In addition, recent publications demonstrate cytokine memory for Thelper cells. 11, 12 Taken together, it is likely that in systemic autoimmune disease, particularly vasculitis, persistent Th17 cells can be found. Compartments such as the CSF are spaces with close contact to small vessels and can reflect inflammatory vessel pathology. Thus, CSF Th17 cells might be a much more specific biomarker than cell count or protein elevation.
Limitations. As the choice of the cutoff was data-driven and sensitivity and specificity resulted from an insample evaluation, an optimistic bias of the result cannot be excluded. Therefore, an independent validation of the cutoff and the diagnostic accuracy in a dataset of appropriate size is recommended.
AUTHOR CONTRIBUTIONS
Vivien Thom: study concept and design, acquisition of data, analysis and interpretation. Sabrina Schmid: acquisition of data. Mathias Gelderblom: study concept and design, critical revision of the manuscript for important intellectual content. Manuela Kolster: acquisition of data. Romy Hackbusch: acquisition of data. Simon Schuster: critical revision of the manuscript for important intellectual content. Götz Thomalla: critical revision of the manuscript for important intellectual content. Oliver Keminer: acquisition of data. Ole Pless: critical revision of the manuscript for important intellectual content. Christian Bernreuther: acquisition of data, critical revision of the manuscript for important intellectual content. Markus Glatzel: acquisition of data, critical revision of the manuscript for important intellectual content. Karl Wegscheider: analysis and interpretation. Christian Gerloff: critical revision of the manuscript for important intellectual content, study supervision. Tim Magnus: study concept and design, analysis and interpretation, critical revision of the manuscript for important intellectual content, study supervision. Eva Tolosa: study concept and design, analysis and interpretation, critical revision of the manuscript for important intellectual content, study supervision.
